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NOTICE
The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
proqrams of the National Aeronautics and Srace Administration.
The invention is owned by NASA and is, therefore, available for
licensing in accordance with the NASA Patent Licensing
Regulation (14 Code of Federal Regulations 1245.2).
To encourage commercial utilization of NASA-owned inventions,
it is NASA policy to grant licenses to commercial con:erns.
Although NASA encourages nonexclusive licensing to promote
competition and achieve the widest possible utilization, NASA
will consider the granting of a limited exclusive license,
pursuant to the NASA Patent Licensing Regulations, when such a
license will provide the necessary incentive to the licensee to
achieve early practical application of the invention.
Address inquiries and all applications for license for this
invention to NASA Resident Office-JPL, NASA Patent Counsel,
Mail Code 180-801, 4800 Oak Grove Dr., Pasadena, CA 91103.
Approved NASA forms for application for nonexclusive or
exclusive license are available from the above address.
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SCRIBER FOR SILICON WjAFERS 7_/ 9IT'
The i ,:vention relates to a method and apparatiis
for dividing silicon wafers into a plurality of rectangular
chips without a need for lubricants and/or coolants.
A method and device for dividing silicon wafers
into rectangular chips. The device is characterized by a
base 12 including a horizontally oriented bed 16 having a
,
planar support surface, a vacuum chuck 18 adapted to capture
a silicon wafer W seated on said support and supported
thereby for translation in mutually perpendicular directions,
a stylus support 110 mounted on the bed including a shaft 12
disposed above and extended across the bed and a truck 16
mounted on the shaft and supported thereby for linear trans-
lation along a pat:i extended across the bed, a vertically
oriented scribe 120 including a diamond tip supported by the
truck adapted to engage a silicon wafer captured by the
chuck and positioned therebeneath for forming score lines in
Ithe surface of the wafer as linear translation is imparted
Ito the truck, and chuck positioning means mounted on the
base and connected to the chuck for positioning the chuck
i
relative to the stylus.
Through the use of the invention, it has been
found possible to provide a simple device which readily can
be employed in separating and dividing silicon wafers into
rectangular chips without a need for lubricants, coolants,
and the likL, as commonly used with diamond saws or a use of
bonding materials, having	 propensity to contaminate the
chips.
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S P E C I F I C A T I O N
ALL WHOM IT MAY CONCERN:
8	 BE IT KNOWN THAT Kazuo A. Yamakawa and Edward P.
9 Fortier are citizens of the United States of America,
10 residing at Monterey Park and La Crescenta, respectively,
11 both County of Los Angeles, State of California, have
12 invented a new and useful
13	 SCRIBER FOR SILICON WAFERS
14 of which the following is a specie-cation:
15
16	 ORIGIN OF THE INVENTION
17	 The invention described herein was made in the
18 performance of work under-a NASA Contract and is subject to
19 the provisions of Section 305 of the National-Aeronautics b
20 Space Act of 1958, Public Law 85-568 (72 ST'1T 435;-U.S.C.
21 2457) .
22
23	 BACKGROUND OF THE INVENTION
2411. Field of the Invention:
251	 The invention generally relates to a method and
26 apparatus for dividing silicon wafers into a plurality of
27 rectangular chips without a need for lubricants and/or
2 8 coolants.
29
30 2. Description of the Prior Art:
31	 Silicon wafers "sliced" from boules tend to be
32 extremely brittle and often fracture under normal handling
33 conditions. Heretofore, when dividing wafers into rec-
34 tangular whips, it has been common practice to utilize
35 diamond saws. As can be appreciated by those ,familiar with
r! ^^
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such techniques, lubricants and coolants generally are
2 required for cooling the diamond saws during the division of
3.the wafers. Such lubricants or coolants frequently contam-
4linate or degrade the resulting chips rendering them unfit
alfor certain purposes, typified by testing operations.
	
6	 As a consequence of the aforementioned inadequacies
7 of the prior art devices Pend techniques utilized in sep-
g arating silicon wafers into chips, it should be apparent
9 that there currently exists a need for a simple and practical
10 method and device which readily can be employed in accurately
11 and safely separating silicon wafers into rectangular chips,
12 without requiring a use of lubricants or coolants, as is
13 commonly employed when utilizing diamond saws for this
14 purpose.
	
15	 During the course of a preliminary search conducted
16 for the invention hereinafter more fully described, the
11 patents listed on the enclosed Form P20-1449 were discovered.
18 It is believed that the patent containing the most pertinent-
19 teaching discovered in the course of the search is United
20 States Letters Patent No. 3,545,325 which discloses a frame
21 containing a plurality of mutually spaced saw blades, definin
22 a blade pack employed for sawing wafers into chips. While
23 this patent mentions that "scribing" of a wafer, preparatory
­ 4 to breaking, is known in the prior art, it is clear that_.
L5 this patent fails to disclose structure suitable for readily
26 and safely scribing wafers.
	
27	 It is therefore the general purpose of the instant
28 invention to provide a simple device which readily can be
29 employed in separating and dividing silicon wafers into
30 rectangular chips without a need for lubricants, coolants,
31 and the like, as commonly used with diamond saws, or a use
32 of bonding materials, having a propensity to contaminate the
33 chips.
34
35
3 .
	
j	 OBJECTS AND SUMMARY OF THE INVENTION
	
2	 It is an object of the invention to provide an
3 iml'.oved method for dividing silicon wafers into rectangular
4 chips.
	5	 It is another object to provide an improved device
6 for use in dividing silicon wafers into rectangular chips
7 without a need for lubricants or coolants.
	
g	 It is another object to provide a device particu-
9 larly adapted far manually separating silicor: wafers into
10 rectangular chips.
	
11	 7t is another object to provide a simplified
12 manually operable device which is particularly adapted for
13 use in separating silicon wafers into reetsntular chips
14 Without requiring the use of lubricants, coolants, and the
15 like, which tend to contaminate or otherwise degrade the
16 resultant chips.
	
17	 These and other objects and advantages are achieved
ig through the use of a device characterized by a method and
19 device characterized by a base including a horizontally
20 oriented bed having a planar support surface, a vacuum chuck
21 adapted to capture a silicon wafer seated on said support
22 and supported thereby for translation in mutually perpen-
1 3
 dicular dircctions, a diamond-tipped stylus 7upported by a
24 (shaft disposed above and extend.-d across the bed and a
251carriage mounted on the shaft and supported thereby for
2 6 Ilinear translation along a linear path adapted to engage a
27 Isilicon wafer captured by the chuck and positioned there-
!beneath for forming parallel lines in the surface of the
29 !wafer as linear translation is imparted to the carriage.
30
31	 DESCRIPTION OF THE DRAWINGS
32	 Fig. 1 is a perspective view of a device embodying
33 the principles of the instant invention.
34	 Fig. 2 is a cross-sectional view taken generally
35 along lines 2-2 of Fig. 1.
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Fig. 3 is a top plan view of the device.
Fig. 4 is a side elevati.onal view of the device.
Fig. 5 is a side elevational view of the device,
taken at 90° with respect to the view shown in Fig. 4.
Fig. 6 is a cross-sectional view taken generally
ilong lines 6-6 of Fig. 3.
Fig. 7 is a cross-sectional view taken generally
ilong lines 7-7 of Fig. 3.
Fig. 8 is a cross-sectional view taken generally
klong lines 8= 8 of Fig. 3.
DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the drawings, with more parti-
cularity, wherein like reference characters designate like
r corresponding parts throughout the several views, there
is shown in Fig. 1 a device, gererally designated 10, which
embodies the principles of the instant invention.
The device 10-includes--a base-12 having an upper,
planar surface 14 characterized by a coefficient of friction
substantially c).nsistent with that of a bearing surface.-
Seated on the planar surface 14 is a translatable bed 16,
the purpose of which is to support a rotatable vacuum chuck
18.
The position of the bed 16 is controlled through
an X-Y positioning system, generally designated 20. This
Isystem includes a first positioning assembly 21. In order
t reposition the bed 16 in a Y direction, the positioning
I
system 21 is provided with a first drive mechanism 22. This
mechanism includes a base 24 having a way 26 of a dovetail
configuration machined therein and extended in the Y direc-
tion, relative to the bed 16. The base 24, as shown, is
secured in place by an anchor assembly 28 of a T-bar design.
As shown in Fig. 6, the anchor assembly 28 includes a base
plate 30, Fig. 6, welded or otherwise rigidly secured to a
traverse bar 32 bolted or otherwise rigidly secured to the
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se 24.
The base plate 30, in turn, is positionally sup-
ported by a lock-screw 34 threaded to the base 12, as also
shown in Fig. 6. While only one lock-screw 34 is shown, it
is apparent that additional lock-screws may be employee
where so desired. Moreover, suitable and mutually spaced
apertures, not designated, are formed in the plate 30 in
order to accommodate a repositioning of the plate in order
to facilitate a lateral repositioning of the drive assembly.
Seated in the way 26, Fig. 6, is a tongue 36
configured to mate with the configuration of the way 26,-in
a conventional fashion, for securing the tongue against
vertical displacement while accommodating linear displacement
thereof. Affixed to the upper surface of the tongue 36, is
a drive plate 3G. Suitable screws 40 are employed in
securing the drive plate 38 to the tongue 36 and projects
linearly therefrom. Beneath the tongue 36 there is-a rack
and pinion drive assembly, generally designated 42, of
suitable design. As shown, the drive assembly 42 includes a
thumb screw 44, the purpose of which is to advance and
retract the tongue 36,•upon•manipulation of-the thumb•screw•.-
44, so that th e plate 38 is advanced and retracted in a Y
direction with respect to the base 24.
In order to reposition the bed 16 in an X direction,
there is provided a second positioning system 45 connected.
Ito the first positioning assemx,?.y 21, through the plate 38.
At the projected end of the drive plate 38, there is affixed,'
through the use of screws or the like, a second drive mech-
anism 46. The mechanism 46 includes a base within which a
worm-gear drive assembly 50 is mounted, Fig. 7, the purpose
of which will hereinafter become clear. The base 48 also
includes a way of a suitable dovetail configuration, desig-
nated 52, having seated therein a tongue 54 configured to be
received by the way 52 in secured relation therewith. The
tongue 54 is supported for linear displacement in an X
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direction relative to the bed 12.
The tongue 54 is affixed to .Y plate 46, Fig. 7,
which is in turn connected with the ucd 16 through suitable
coupling means, including fasteners, such as screws 58 or
the like. Linear motion is imparted to the tongue 54 and
thus the bed 16, through a manipulation of the thumb screw
51 which serves to activate worm-gear 'rive assembly 50,
aforementioned, for advancing or retracting the tongue.
Consequently, a positioning of the bed 16 in an X direction,
perpendicularly with respect to the Y direction, is readily
accommodated through a manipulation of the thumb screw 44.
A vernier scale 60 is employeO for purposes of
measuring incremental displacement of the bed in a Y directs
while a similar scale 62 is provided for measuring displace-
I
ment of the bed 16 4 an X direction. It should now be
apparent that the bed 16 is secured to the base 12 through
the X-Y positioning system 20 and changes in the position of
the bed 1 6 along the surface 14 readily is facilitated
through a manipulation of the thumb screws 44 and 41. The
distances through which the bed is moved may be determined
through a use of the vernier scales 60 and 62.
Rotatably mounted on the bed 16 is a vacuum chuck
64. The vacuum chuck 64 is of a generally disk-shaped
configuration and includes a planar surface 65 for receiving
thereon a silicon wafer W, Fig. 1. Extended vertically
(
through the vacuum chuck 64 is a ported center pin 66, best_
illustrated in Fig. 8, the purpose of which is to unite the
(vacuum chuck 64 with the I:-^d 16 and to accommodate an appli-
cation of a vacuum to the underside of a silicon wafer W
supported by the surface 65 of the chuck, Fig. 2.
The pin 66 is provided with a flat head configured
to be received in a countersunk bore. A bore 68, having a
-ountersunk entrance 70, is extended through the chuck 64,
along the axis thereof, and serves to receive the pin 66 in
a manner such that the vacuum chuck 64 may be rotated about
ORIGINAL PAGE I
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1'the pin without imparting angular displacement thereto.
2 Thus the pin '6 also functions as a bearing pin.
3	 With r -ference to Fig. 8, it c ► n be seen that the
/4 . Ibed 16 also includes a b)re 69 of multiple diameters defining
5 segments having progressively dimensioned diameters with
6 annular, shoulders being defined at the junctions thereof.
7	 The pin 66 includes an annular shoulder	 -eived
8 within a relief 74 formed by the upper segment of	 bore
9 1 69. Extended downwardly from the shoulder 72 of the pin
10 there is a segment 76 the purpose of which is to afford a
11 .coupling of the pin with the bed 16. The 1istal end of the
12 segment 76 rests on an annular shoulder separating the upper
1:1 segment of the bore 69 from its adjacent segment. At the
14 distal end of the pin 66 there is provided an internally
15 threaded axial bore 78 which serves to receive a screw 80
16 projected axially tipwardly into the bore 69. The screw
17 includes a pan head seated on a shoulder 82 defined in a
18 relief 84 provided by a terminal segment of the bore 69.
19	 Tt is impertant to appreciate that the depth of
20 the relief 84 is such that the pan head screw does not
21 engage the upper surface 14 of the bed 16 as motion is
- imparted to the bed 16 via the X-Y positioning system 20.
23^It is also to be understood that simply by tightening the
?411screw 80, for thus threading the screw into the internally
2_) !threaded bore 78, the pin 66 is drawn into a snug engagement
16 w
	
the shoulder 72, as well as with the surface of the
27 countersunk relief 70. When properly assembled, the upper
28 Isurface of the pin, designated 86, is flush with the surface
?9 165, whereby an air-tight seal may be established between the
30 (surface 65 and the flat lowermost surface of a wafer W
31 Iresting on the surface 65.
32	 The pin 66 includes a vertical air passage 88
33 through which a vacuum is drawn between the surface 65 and
34 the lowermost surface of the wafer W. The air passage 88
35 communicates with a source of vacuum, not shown, via a
y
8.
1 radial aperture 90 defined in the pin 66 and disposed in
2 communicating relation with the air passage 88, as well as a
3 port 92 connected with a tubular conduit 94 which in turn is
4 connected with the source of vacuum. Consequently, once
5 vacuum is applied to the conduit 94, air is drawn from the
6 passage 88, via the port 92 and the aperture 90. Thus a
7 vacuun _s applied to the undersurface of a wafer W seated on
8 the surface 65 of the chuck 64, as illustrated in Fig. 2.
9 It will be appreciated ,  of course, that the conduit 94
10 includes suitable lengths of flexible tubing, not designated,
11 sufficient to accommodate motion of the bed 16.
12	 In order to limit rotation of the vacuum chuck 18
13 to 90° of angular displacement, detents 96 and 98, Fig. 2,
14 are provided at the undersurface of the chuck 18. These
15 detents receive a ball 100 which serves as a releasable stop
16 for the chuck. The ball 100 compreises a spring-loaded
17 ball, spring-biased by spring 103. A set screw 104 is
18 threaded into an internally threaded bore 106 for securing
19 the spring in place.
20	 It will now be appreciated that the chuck 18
21 having captured thereon a wafer W may be rotated through 900
22 for purposes of accommodating a scribing of the upper surface
23 of the wafer in a manner hereinafter more fully described.
24 Additionally, it should be noted that the upper surface 65
25 of the chuck is provided with orthagonally related score
26 lines 108 which serve as optical guides when positioning the
27 wafer W relative to a stylus, generally uesignated 110,
28 utilized for scribing lines on the upper surface of a wafer
29 W as it is supported by the chuck.
j0	 The stylus 110 is supported for translation by a
31 It ' ;verse rod 112 mounted on vertical supports 114, located
32 at each of its opposite ends and sacurad to the base 12.
33 The particular manner in which the traverse rod 112 is
34 connected with the vertical supports is deemed a manner of
35 convenience only. However, suitable, axially aligned bores
i
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Iformed in the supports may be employe' for this purpose, as
(shown. Similarly, the particular manner in which the vertica
supports are connected with the base 12 also is deemed a
matter of convenience and is varied as desired.
The stylus 110 includes a block, comprising a
truck 116, having a bore, not designated, extenled there-
through for receiving the traverse rod 112 in sliding en,age-
ment. The truck 116 extends perpendicularly from the
traverse rod 112 and is provided with a receptacle 118 for
an elongated scribe 120. The scribe 120 extends through a
vertical bore 124, formed in the truck 116, downwardly into
engagement with the upper surface of the wafer W seated on
the vacuum chuck 18. A set screw 126 is utilized for
securing the scribe with respect to the truck 116. Addition-
ally, it is to be understood that the scribe 120 comprises a
diamond-tipped scribe having a capability of scoring the
surface of the wafer W as it is captured and supported by
the vacuum chuck. 18. A hand-knob 128 is mounted on the
truck 116 and provides a suitable means for accommodating a
 grasping of the chuck for imparting linear displacemen
,
manual
thereto along the traverse rod 112.
nD V D T T T n M
It is believed that in view of the foregoing
description, the operation of the device will readily be
understood and it will be briefly reviewed at this point.
With the device 10 assembled in the manner herein-
before described, it is prepared for operation simply by
seating the wafer W on the upper surface 65 of the vacuum
chuck 64 in coaxial alignment with the air passage 88 formed
in the pin 66. Vacuum is now drawn down in the passage 88,
through the port 92, aperture 90 and conduit 94. Thus the
wafer 10 is secured to the upper surface of the vacuum chuck
18. The vacuum chuck is now positioned beneath the tip of
the scribe 120 of the stylus 110 through a manipulation of
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the thumb screws 44 and 51 until the diamond tip of the
stylus 120 approaches a desired starting point along the
radius of the wafer, preferably the center of the wafer.
Once a 1-roper position is established between the wafer and
the stylus, the stylus is drawn across the surface of the
wafer simply by grasping the knob 128 and forcing the truck
116 to advance alo. ►q the traverse rod 112. A suitable
number of passes is made with the stylus thus to form a
score lire on the surface of the wafer. Having thus formed
a first score line, the stylus is raised, the thumb screw 44
is manipulated for repositioning the wafer beneath the
stylus in a ma.iner such that a further score line may be
formed in parallelism with the first score line. The truck
116 is again advanced for drawing the diamond tip of the
scribe alcng the surface of the wafer W for thus forming a
second scare line across the upper surface of the wafer W.
This operation is continued until. a multiplicity of parallel
score lines, mutually spaced, have been formed across the
upper surface of the wafer W. The uistance between-the
score lines may be uniform or varied as desired.
Having completed the formation of a plurality of
(parallel score lines across the upper surface of the wafer
1W, the chuck ld is rotated through 90 0 , determined by the
Istop farmed by the spring-loaded ball and detent. A multi-
l
I plic-ity of score lines perpendicular to the score lines
aforementioned are now formed on the upper surface of the
Iwafer employing the technique herein aforedescribed. Once
Ithe multiplicity of perpendicular score lines have been
formed in the upper surface of the wafer W, the vacuum is
Ireleased, the wafer lifted and separated by a simple breaking
technique, preferably manual, which divides the wafer into a
multiplicity of rectangular chips, determined by the number
of score lines formed on the wafer.
In view of the foregoing, it is believed that the
instant invention provides a practical solution to many of
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ABSTRACT OF THE DISCLOSURE
2	 A method and device for dividing silicon wafers
3 into rectangular chips. The device is characterized by a
4 bate 12 including a horizontally oriented bed 1.6 having a
5 planar support surface, a vacuum chuck 18 adapted to capture
6 a silicon wafer W seated on said support and supported
7 thereby for translation in mutually perpendicular directions,
8 a stylva 110 support mounted on the bed including a shaft 12
9 disposed above and extended across the bed and a truck 16
10 mounted on the shaft and supported thereby for linear trans-
11 lation along a path extended across the bed; a vertically
12 oriented scribe 120 including a diamond tip supported by the
13 truck adapted to engage a silicon wafer captured by the
14 chuck and positioned therebeneath for forming score linen in
the surface of the wafer as linear translation is imparted
to the truck, and chuck positioning means mounted an the
17 base and connected to the chuck for positioning the chuck
18 relative to the stylus.
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